Bovine sera for tissue culture use were shown to contain heterophil antigen of the Paul-Bunnell-Davidsohn type by immune adherence hemagglutination tests with sera from patients with infectious mononucleosis. The antibody titers observed were comparable to those determined by two other methods; i.e., the immune adherence hemagglutination test was found to be as specific as the differential absorption test with horse erythrocytes or the ox cell hemolysis assay, but it appeared to be the most sensitive of the three procedures. All In the immune adherence hemagglutination (IAHA) assay, antigen-antibody-complement complexes are bound to C3-b receptors on primate erythrocytes (RBC), leading to agglutination of the cells (14). The procedure has proved sensitive for the detection of specific antigens and has been applied successfully to titrations of antibodies to varicella-zoster virus, cytomegalovirus, herpes simplex virus, hepatitis virus types A and B, and a number of enteroviruses (2, 3, 8, 11, 13) . The IAHA titers of antigens or antibodies are 4-to 10-fold higher than those obtained by human complement fixation tests and are comparable to those determined by immunofluorescence.
In the immune adherence hemagglutination (IAHA) assay, antigen-antibody-complement complexes are bound to C3-b receptors on primate erythrocytes (RBC), leading to agglutination of the cells (14) . The procedure has proved sensitive for the detection of specific antigens and has been applied successfully to titrations of antibodies to varicella-zoster virus, cytomegalovirus, herpes simplex virus, hepatitis virus types A and B, and a number of enteroviruses (2, 3, 8, 11, 13) . The IAHA titers of antigens or antibodies are 4-to 10-fold higher than those obtained by human complement fixation tests and are comparable to those determined by immunofluorescence.
In attempts to adapt this method to the detection of antibodies to the Epstein-Barr virus (EBV), the cause of infectious mononucleosis (IM) (4), spent media from virus-producing lymphoblastoid cell lines were tried as sources of viral antigen. Surprisingly, only a majority of sera from patients with acute IM gave positive TAHA reactions, but none of the sera from healthy donors did, despite the fact that they had substantial titers of antibodies to EB viral capsid antigen. Furthermore, spent media from nonproducer lymphoblastoid cell lines, fresh culture media, and even fetal bovine serum (FBS), the serum component of the culture media, also reacted with the IM sera in the TAHA test. These observations suggested that bovine sera contain heterophil antigen of the Paul-BunnellDavidsohn (PBD) type (1) . The present report describes the usefulness of the LAHA test for the detection of PBD antigen and the corresponding antibodies.
MATERIALS AND METHODS Human sera. Human sera were selected from a collection of frozen specimens that had been submitted for EBV-specific serodiagnostic tests. They were divided into four categories: (i) current primary EBV infections, (ii) EBV infections in the past, (iii) no previous EBV infections, and (iv) IM-like illnesses due to cytomegalovirus. The techniques used for the various EBV-specific serological procedures have been described (5) . The essential criteria for differentiation of groups i, ii, and iii are shown in Table 1 . All sera in group iv gave evidence of EBV infections in the past. The majority of sera in group i but not in group iv contained IM-specific heterophil antibodies, as determined by horse RBC agglutination in the differential absorption test described previously (6, 9 for 40 min. Dithiothreitol-ethylenediaminetetraacetate-VBS was then added to stop the reaction and was followed immediately by the addition of the human type 0 RBC suspension. The plates were kept at room temperature, and the hemagglutination patterns were readable 1 to 2 h later. Agglutination of 3+ or greater was considered positive.
Serum absorptions. Serum absorptions were carried out in microtiter plates. The fivefold-diluted test sera were mixed with equal volumes of a 10% suspension of bovine RBC or a guinea pig kidney suspension (Difco). After incubation at 370C for 20 min, the plates were shaken and centrifuged at 1,000 x g for 15 min. The supernatants were removed and used for IAHA and ox cell hemolysis tests.
Ox cell hemolysis assay. The procedure for the ox cell hemolysis assay described by Mikkelsen et al. (12) was adapted for microtiter plates. The sera were serially diluted in VBS as described for the 1AHA test. After the addition to each well of 1 drop of 0.025 ml of a 1% suspension of twice-washed bovine RBC in VBS and 1 drop of complement diluted 1:15, the plates were incubated at 370C for 0.5 h and read for the degree of hemolysis. Sets of serum dilutions without complement served as controls for nonspecific hemolysis. A serum titer of 1:40 or greater was considered positive.
RESULTS
Titration of PBD antibodies by UAHA. Sera from 42 donors without antibodies to EBV, 57 healthy individuals after past primary EBV infections, 74 patients within 30 days ofthe onset of IM, and 51 patients with cytomegalovirusrelated illnesses were titrated against FBS in IAHA tests. The results (Fig. 1) (Fig. 3) . Ab (Table 3) . In contrast to the relatively narrow range ofantigen activity, the maximal titers of the reference IM serum ranged from 1:160 to 1:10,240. It is noteworthy that pooled FBS from one supplier gave uniform results with respect to optimal antigen dilution and the antibody titers of the test serum. The variations were noted with individual bovine sera and a FBS pool from another source. The bovine amniotic fluids contained at most small, presumably suboptimal, amounts of PBD antigen, so that the reference serum titers were of a low order. (ii) The PBD antigen might be present in the form of aggregates or breakdown products, which again could depend on the methods of collection and processing of the sera. The size of the antigenic components could conceivably affect the antibody titers obtained by the 1AHA test. (iii) Factors inhibiting or enhancing immune adherence might be present in some bovine sera. Characterization of the PBD antigen(s) in different bovine sera is required to distinguish between these possible explanations.
DISCUSSION
As the 1AHA test led to the detection of PBD antigen in FBS, it should be a useful assay in the search for this antigen in other fluids or in tissues. PBD antigen has not been found in significant amounts in samples of bovine amniotic fluid. Up to now, soluble PBD antigen could be detected in a specific manner only by its blocking effect in hemagglutination or hemolysis tests, which often yield equivocal results because oftheir limited sensitivity. The presence of PBD antigen in FBS in soluble form should permit its purification and characterization. Preliminary observations indicate that the antigen(s) can be separated from bovine serum and partially purified with relative ease and that the IAHA test greatly facilitates tracking of the antigen during fractionation.
Several recent reports have shown that bovine serum components are incorporated into the membrane of cultured cells maintained in mediacontaining FBS and that the acquired antigens may influence the results of lymphocytotoxicity assays (7, 15) . The bovine serum components) involved has (have) not been identified but may well include PBD antigen. This possibility must be considered in studies of immune responses to target cells grown in the presence of FBS, whether cell mediated, humoral, or a combination of both.
